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CYLINDER LENS ARRAY AND 
PROJECTION SYSTEM EMPLOYING THE SAME 



5 - Technica l f i eld 



P«j«ctSi e present inv ent'on relates to a cylinder lens array and a-projoot- 
4©«jvsystem employing the same, and more particularly, to a cylinder lens 
array providing increased light efficiency by reducing the etendue of an-©- 

-P**^^^^ aligning light beams em 'tted from a light source, and a ^ 

- r oject i on A system adopting the cylinder lens array. 
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- Background Art - 

5q 4 e J^ Djection s y sterr| s are classified into three-panel projection -syste- 
-m«Aand single-panel projection systems according to the number of light 

^'SSpT an ima9e by controllin g the on-off operation of a high.ou 
•4pt*„lamp used as a light source. Single-panel projection systems have 
a smaller optical system than the optical system of three-panel projection 
systems. However, since single-panel projection systems use R, G, an 
d B colors into which white light is sequentially divided, the light efficiency 

° f eaC p^^ R ' G " 3nd B Colors is only 1/3 of that of three-panel type-p 
-F©jeettei^ t systems. Hence, attempts to increase the light efficiency of-sm 

■single -prineL ' 

g l o pono frprojection systems have been made. 

p/t?>S»i n ° Wn ' n F,G ' 1A * in a conventional single-panel scrolling-pfsje 
-«ti©^ system, white light radiated from a light source 100 passes through 
firS l a "y second lens arrays 102 and 104 and a polarized beam splitter a* 
^i?l and ' S then separated into R - G > a nd B colors by first through -feu- 
"^f^Sf filterS 109 ' 1 12 ' 122, and 139 - To be more specific, for-©*a- 
R and G light beams are transmitted by the first dichroic filter 109-a- 
^advance along a first light path 11, while a B light beam is reflected by 
thefirst dichroic filter 109 and advances along a second light path 12. 
-bejR and G light beams traveling along the first light path 11 are separate 
d by the second dichroic filter 1 12. The R light beam is transmitted by-t- 
^second dichroic filter 1 12 and advances along the first light path 11, w- 



Wiethe G light beam is reflected by the second dichroic filter 112 and at* 
vanees A along a third light path 13. 

As described above, the light emitted from the light source 100 is 
separated into the R, G, and B light beams, and the R, G, and B light be 
5 ^SS 3re then scrolled while Passing through first, second, and third pmm 
-9/114, 135, and 142, respectively. The first, second, and third prisms 
44j, 135, and 142 are installed on the first, second, and third light paths 11, 
„I2, and 13 and rotate at a uniform speed, thereby scrolling R, G, and Be- 
©lobars. The B and G light beams traveling along the second and third 
10 light paths 12 and 13, respectively, are transmitted and reflected, respect 
ively, by the third dichroic filter 139, and then combined. Finally, the R, 
G, and B light beams are combined by the fourth dichroic filter 122, pass 
thr ough a polarized beam splitter 127, and then form an image using a-K- 
-SMt valve 130. 

15 of FIG " 1 B shows scrolling of R, G, and B color bars by the rotation -e- 
■fithe first, second, and third prisms 114, 135, and 142. As shown in FIG. 
_ 1B, R, G, and B color bars formed on the surface of the light valve 130 
move when the first, second, and third prisms 1 14, 135, and 142 rotate «- 

20 A color image obtained by turning on or off the individual pixels of 

*p??]Slv!^ alVe 130 accordin 9 to an ima ge signal is magnified by a-pfejeeti 
Ofj lens. Then, the magnified image lands on a screen. 

In the above-described single-panel scrolling projection system,-b- 
eeauGe^different light paths are used for different colors, different lenses 
25 for different colors are required, and component parts for combinina d+vi# 
■ed^light beams are also required. Thus, the size of the conventional -BFe- 
-jection^system increases, and its assembly is difficult. Also, -complicate 
flight paths make alignment of optical axes difficult. While divided oolo 

~cs A are being combined, the etendue of an optical system increases. Ih- 
the 

30 -e/^endue (E) denotes an optical conservation quantity in an optical syert 
-©rn^and is calculated using Equation 1: 

E= ^2(0,)=-^— 
2 (2Fno) 
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wherein A denotes the area of an object whose etendue is to be 
-e^i, 6 1/2 denotes half of a divergence angle of a light beam incident «Hpe~ 
-R^or emitted from the object, and Fno denotes the F-number of a Iens4*> 
^d/in the optical system. According to Equation 1 , the etendue (E) is 4e 
4ewwwd4by the area of the object and the F-number of a lens The e*e- 
" oc ^; 4 wnicn depends on the geometric structure of an optical system, -m 
i*st*be the same at the starting and ending points of the optical system in 
order to obtain an optimal light efficiency. If the etendue at the starting 
point is greater than that at the ending point, the optical system become 
bulky. If the etendue at the starting point is smaller than that at the-ef* 

dm§*point; light loss may be generated. If the etendue of a liqht SOUrCe-l- 
tS _ 

-3ihigh, the range of angles at which light beams are incident upon asubs 
~©€|t»efrttlens increases, making it difficult to properly configure the optical 

system. Therefore, the etendue of an illumination system can be roduc- 
~ea«to easily configure an optical system. 

u6 , A conventional light engine for reducing etendue is disclosed in tr 
-S-.iPatent No. 6,356,700 B1 . Referring to FIG. 2, the light engine includ 
-sa^a pnmary reflector system 152, which is installed at one side of an-afe 
■n©d;structure of a cathode electrode 154 and an anode electrode 156,^a- 
-Bd^a retro reflector system 150 installed on the other side of the aliqned-s 
truoturo ^of a cathode electrode 154 and an anode electrode 156 to face4 
^primary reflector system 152. The primary reflector system 152 and 
th f r< f?IB reflector system 150 are installed such that light beams are em* 
•ted^from the tips of the cathode electrode 154 and the anode electrode 4- 
-S^at a divergence angle 0 h . 

As described above, etendue can be reduced by controlling the 4i- 
- vorgonoo A angle of light by changing the structure of a light source. -Hew 
-ev©5, changing the structure of a light source in order to reduce etendue -f- 
equireey jevelopment of a new optimal light source and substitution of^- 
-^existing light source, which cost money. Also, light reflected by the f©+- 
.^reflector system 150 may return to the electrodes 154 and 156 and ad 
vefsety affect the efficiency and durability of the light source. Thus, the 



output of light is reduced. 

prov ,;<\ ei The P resent invention provides a cylinder lens array whictvprovido- 
5 -a increased light efficiency by reducing etendue by asymmetrically -atigntn 
flight that is emitted from a light source and symmetrically distributed by 
reducing the angle of divergence in a certain direction, and a projection 
system adopting the cylinder lens array. 

According to an aspect of the present invention, there is provided 
10 a cylinder lens array which is installed on a path of a light beam emitted-f 
-t&PFha light source and comprised of lens cells arrayed in such a way that 
their central axes are inclined at different angles, so that the light beam 
which diverges symmetrically with respect to its optical axis is aligned so 
as to reduce the angle of the divergence in a certain direction. 
!5 The lens cells are arrayed such that the inclination angles of their 

central axes increase with distance from the center of the cylinder lens-af 

The lens cells are arrayed in curved rows. 
The lens cells are incorporated by connecting their central axes. 
20 The cylinder lens array is symmetric about its vertical bisector and 



about its horizontal bisector, and is point-symmetric with respect to its 

— retry. 



The lens cells are arrayed such that their central axes are inclined 
at angles each corresponding to the sum of the incidence angle of an,iRG- 

25 -idoftt^beam with respect to a vertical central axis of the cylinder lens-ew^a- 
-y^and half of an angle by which the incident beam is to be rotated. 

According to another aspect of the present invention, there is prov 
4de^a projection system which forms an image by processing light-emttte 
-cjtfrom a light source using a light valve in response to an input image-sig- 

30 j^and magnifies and projects the image onto a screen through a^ojeGt 
<-4offllens unit. The projection system includes a pair of cylinder lensafFa- 
^y^which are installed on a path of a light beam emitted from the light-sett- 
-fG^and each are comprised of lens cells arrayed with central axes-melme- 
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-dAat different angles, so that the light beam which diverges symmetrically 
with respect to its optical axis is aligned so as to reduce the angle of the 
divergence in a certain direction. 

5 Brief Doccr i ption ofr 4tae~ D E aw in as 

FIG. 1 A is a schematic view of the configuration of a conventional 
projection system; 

FIG. 1B illustrates how color bars are scrolled in a conventional^- 
ojoctionA system; 

10 FIG- 2 shows a conventional light engine for reducing etendue; 

FIG. 3A is a picture showing a radial distribution of light radiated -fr 
^H^a light source; 

FIG. 3B shows a comparison of a radial distribution of light -radiate 
-djfrom a light source with the shape of a light valve; 
15 FIG. 3C shows the relationship between the distribution of light e- 

fwtted.Afrom a light source and a divergence angle; 

p. ^ FIG. 4 shows the structure of a cylinder lens array according to a 4i- 
H^embodiment of the present invention; 

FIGS. 5A through 5C illustrate a principle of rotating an image-uef 
20 OQ\a cylinder lens array according to the present invention; 

FIGS. 6A through 6C illustrate an example in which a divergence 
angle is controlled using a lens cell of a cylinder lens array according to4- 
-he/ipresent invention; 

FIGS. 7 A through 7D are side views and front views obtained by-s+ 
25 - mu l at i on x illustrating the divergence angle of light when a cylinder lens-afr 
-ay/according to a preferred embodiment of the present invention is used 
and when no cylinder lens arrays are used; 

FIG. 8 shows the structure of a cylinder lens array according to a*- 
Qooncfr embodiment of the present invention; 
30 FIG. 9 shows the structure of a cylinder lens array according to a+ 

-bifd A embodiment of the present invention; 

FIG. 10 is a schematic view of the configuration of a projection -sys 
4em A according to the present invention ;-a«€h 
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FIG. 11 shows a projection system according to the present-Hwertf- 



-40f^in which an aberration correction lens is further installed between a » 

-swf^of cylinder lens arrays,; r , t , accord** 

- Boot modo for oorrv i na o ut H i e In ve ntion ^<T 
Referring to FIG. 4, a cylinder lens array according to a first-emtee- " 

-prn bed* nnerfv* 

d i mc^nfr of the present invention is comprised of lens cells 20 having^tffef 
-efT^central axes so as to reduce etendue by aligning light distributed *a<=Jf 
-raHy^rom^ light source in one direction. 

-a>*ti*\™e&™^ ss of chan 9 in 9 a radial light distribution into an ■ acymmotrio 
■el^light distribution using a cylinder lens array according to the presents 
■ventiefuwill now be described. As shown in FIG. 3A, light emitted from 
a lamp light source has a radial distribution. Since an aspect ratio of a-& 
croor^ is 4:3 or 16:9, a light valve 10 included in a projection system 
H=affy4has a rectangular shape and an aspect ratio of 4:3 or 16:9. In FIG. 

3B, the radial distribution (d) of light emitted from a light source is- comp -, 
.-aj^with the rectangular shape of the light valve 10. As shown in FIG. 
3B, because the light valve 10 is rectangular whereas light emitted from-*- 
-benight source has a radial distribution, some light is not incident on thefr 
§ht*valve 10, and thus the light efficiency of the system in forming a final* 
magoj is degraded. 

The light efficiency can be increased by light alignment to matchf 
^distribution of light emitted from a light source to the shape of the light 

valve 10. As shown in FIG. 3C, the divergence angle of light due to a* 
-^distribution is ±1 to ±2 degrees. 

As described above, the present invention includes a cylinder lens 

array to serve as a light alignment unit for controlling the distribution of tr 
-Remitted from a light source. Referring to FIG. 4, the lens cells 20 of 
the cylinder lens array according to the first embodiment of the present wr 
-vent i on A are arranged in such a way that their respective central axes (c) 
are inclined at various angles ranging from 0 to 45 degrees depending *e- 

on 

-fi/locations of the lens cells 20 so that radially distributed light is aligned^ 
f^one direction. The present invention uses a pair of cylinder lens-affay- 
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^each having such a structure. 

^ J^[ GS - 5A throu 9 h 5C illustrate a process in which an image is^ota- 
-ted^by a pair of cylinder cells 20 and 21 . As shown in FIG. 5A, when an 
im 0 a 9^ Pointing in a direction X passes through the pair of cylinder lens 
eH^20 and 21, it is rotated by 180 degrees and output so that it points in 
the direction -X. FIG. 5B two-dimensionally shows the image rotation of 

FIG. 5A. In an alternative example, as shown in FIG. 5C, when anima- 
-ge^is incident at -45 degrees with respect to an X axis, it is rotated 90 4& 
.-grees^to obtain an output image pointing in the direction of 45 degrees. 
The alternative example of FIG. 5C corresponds to an image rotation wh- 
-efvthe central axes of the lens cells 20 and 21 stand in a Y axial direction. 
/ Hence, desired image rotations can be achieved by changing the cent 
-«*Jvaxes of the lens cells 20 and 21. In other words, when illuminating 4»§h 
-fcis diffused in a vertical direction Y, if a pair of lens cells are arrayed so-t- 
15 —baft their central axes are at 45 degrees, the light is rotated by 90° so that 
an output beam is diffused in a horizontal direction X. 

As described above, divergent light beams can be aligned in a-hor- 
-eerrta^direction by arraying a pair of opposite lens cells so that their-cent 
-relaxes are inclined at a predetermined angle with the vertical direction 
20 Y jJ e P endin 9 on tne divergence angle of input light. As shown in FIG.-6- 
»As if an input image or an incident beam is incident in the Y axial- di rect t o 
■Pft a pair of lens cells 20 and 21 are arrayed in such a way that their«ee«tr- 
-aff axes (c) are inclined at 6 2 (=-45 degrees) with respect to the Y axis, 
so that the input image or incident beam is rotated by 90 degrees to efetai 
25 fyan output image or an emitted beam oriented in the X axial direction. 
As shown in FIG. 6B, if an input image or an incident beam is incident at 
0 1 (=-45 degrees), the pair of lens cells 20 and 21 are arrayed in such 
a way that their central axes (c) are inclined at 0 2 (=-67.5 degrees) with 
respect to the Y axis, so that an output image or an emitted beam is«a4ia- 
«edjin the X axial direction. As shown in FIG. 6C, if an input image or e- 
-^incident beam is incident at 0 ^ (=-67.5 degrees), the pair of lens cells 
20 and 21 are arrayed in such a way that their central axes (c) are-meting 
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^at 6 2 (=-78.25 degrees) with respect to the Y axis, so that an output-r- 
im*^ e- 

-raageior an emitted beam is aligned in the X axial direction. To sum up, 
the inclination angle of the central axis of a lens cell is set to the sum of 
the incidence angle of an input image or incident beam and half of an-a«- 
^iby which the input image or incident beam is rotated. 

The configuration of a cylinder lens array based on the abovo dco 

a bcv c b(Xv-. 

-efibe^ principle according to the present invention will now be described. 

If a cylinder lens array is comprised of 6x5 lens cells 20, the central* 
-xes\(c) of the lens cells 20 are inclined at angles shown in Table 1: 



[Table 1] 





-x 3 


-x 2 


-X1 


X1 


x 2 


x 3 




-70.73 


-63.49 


-51.28 


51.28 


63.49 


70.73 


yi 


-79.14 


-73.30 


-57.14 


57.14 


73.30 


79.14 


yo 


0 


0 


0 


0 


0 


0 


-yi 


-100.86 


-106.7 


-122.86 


122.86 


106.7 


100.86 


-ya 


-109.27 


-116.52 


-128.72 


128.72 


116.52 


109.27 



In FIG. 4, the lens cells 20 are represented in a XY coordinate system. 
Here, the X and Y coordinate axes correspond to the horizontal and^vertt- 
-eafydirections, respectively, of a cylinder lens array. Referring to Table 1 
and FIG. 4, the farther from the X and Y axes of the cylinder lens array 
a lens cell 20 is positioned, the larger the inclination angle ( 0 2 ) of the -e©- 
<frtra1 A axes (c) of the lens cell 20 becomes. For example, a lens cell 20 -e- 
orrocpondjng A to (-x 3 , y 2 ) is disposed such that its central axis (c) is at-=70- 
__Z%degrees, and a lens cell 20 corresponding to (-x 2> y 2 ) is disposed-e«e- 
-fythat its central axis (c) is at -63.49 degrees. In Table 1 , a negative -sig- 
(-) denotes an angle measured counterclockwise from the Y axis, and 
a positive sign (+) denotes an angle measured clockwise from the Y axis. 

Other lens cells 20 are arrayed so as to be symmetrical with the ^e- 
-«s A cells 20 corresponding to (- X1 , y 2 ), (-x 2 , y 2 ), (-x 3 , y 2 ), (-x 2 . y,), (-x 2 , y,),-a- 
■^i(-X3, yi) as shown in FIG. 4. 
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FIGS. 7A through 7D show the results of a simulation of the-effect 
-s^of a cylinder lens array configured by a combination of lens cells as 4es- 



-cob©€^a6ove on radially-divergent light emitted from a lamp light 



source. 



When a light distribution (shown in FIG. 7A) of light from a lamp lights 
5 -bfFee^measured from a far field of vision using a pin hole without using a .g- 
-yfeeteulens array according to the present invention is compared with a-ff 
•^redistribution (shown in FIG. 7B) measured from a far field of vision -wef 
•ne^a cylinder lens array according to the present invention, a radiation -a«- 

-gl^was reduced from 2.6 degrees to 0.9 degrees. FIGS. 7C and 7D af 

are 

io -e A cross-sections of a light beam taken perpendicular to the optical axis w 
-bef^a cylinder lens array according to the present invention is not used e 
-Bd^when a cylinder lens array according to the present invention is used, 
respectively. 

As described above, a symmetrical distribution of a divergent light 
15 beam can be changed to an asymmetrical distribution by reducing the-an- 
-gte/of divergence of the divergent light in a certain direction using a «ytfn 
-4e^lens array according to the present invention. As a result, the-etend- 
-yejiof an optical system is reduced, causing an increase in light efficiency. 
/ Also, the divergent light beam has a distribution corresponding to the 
20 aspect ratio of a light valve, thereby minimizing light loss. 

As shown in FIG. 8, a cylinder lens array according to a second -e- 
mbodimon t A of the present invention is comprised of lens cells 25. The-f- 
efts A cells 25 are arrayed in curved rows. In other words, the inclination 
of their central axes continuously increases from the middle to the left a«* 
25 fright edges of the cylinder lens array. As the number of lens cells 254- 
■ ncrQasofo a light loss area between lens cells is minimized, thereby -maxi- 
• mizing^ light efficiency. 

If the central axes of adjacent lens cells aligned in one direction-ap 
-^inclined consecutively, the lens cells may be connected to one another 
30 along their central axes and incorporated into a single lens cell. FIG. 9 
shows a cylinder lens array comprised of cylinder lenses 27 made up of 4- 
-e«s A cells connected to one another along their central axes. The4o«wat 
4o»j[of a cylinder cell 27 by lens cells contributes to simplify a process for 



9 



manufacturing cylinder lens arrays. 

The cylinder lens arrays according to the first and second ombodi 

embocli win k 

•4»etttecan be favorably applied to both single-panel projection systems -a- 

-Rd^three-panel projection systems. In particular, the cylinder lens arrays 

can^ejavorably applied to both single-panel projection systems that^f 

—oekte^R, G, and B colors using color filters and single-panel cylinder lens 

that produce R, G, and B colors using a scrolling method. 

The correlation between the radial distribution of light from a light 

source and the aspect ratio of a light valve affects single-panel projection 

systems adopting a scrolling method more than single-panel projection 

systems adopting color filters. To be more specific, in single-panel-pfej 

-©Gtiefljsystems adopting a scrolling method, a light valve is divided into #r 

-fee^parts in order to form three R, G, and B color bars as shown in FIG. 4- 
_ ie> , . 

Accordingly, in projection systems adopting a scrolling method, it is^- 

-er^important that light from a light source is properly aliqned with and <&e— 

-ojested^only onto the area of a light valve for a single color bar. This is-1- 
-eee^important in projection systems in which the entire area of a single % 

Wjj/afve is used to obtain a single color. 

Considering the above, greater light efficiency can be expected by 
applying a cylinder lens array to projection systems adopting a scrolling 

method. As shown in FIG. 10, in a projection system according to a-pfe 
-feffed^ embodiment of the present invention, radially symmetrical light -be 
-ams^are emitted from a light source 30 and aligned by a pair of first and 

second cylinder lens arrays 33 and 34 so as to reduce the angle of d i ver 
-§eftce A in a certain direction. Using the aligned light beams, a light valve 
40 controls the on-off operation of each pixel in response to an input sig- 
-ftajj, thereby forming an image. The image formed by the light valve 40 +- 
^magnified and projected onto a screen (not shown) through a projoGtio 
^Tens unit 42. 

Each of the first and second cylinder lens arrays 33 and 34 Can-ka- 
hc^Gr 

v^the array structure of the lens cells 20 of FIG. 4, in which the lens-oeW- 
-^20 are disposed with their central axes (c) inclined at different angles *a- 
-«§m€^from 0 to 45 degrees depending on the location of the lens cells 20, 
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, such that radially-distributed light beams are aligned in one direction -+ 
^ rl ?/L WO i rds * a light beam witn a circular cross-section (profile) is flatten 
••ed^in the vertical direction to more closely match the shape of the roctan 
«g«ter A light valve 40. Alternatively, each of the first and second cylinder-^ 
-©^arrays 33 and 34 can be the cylinder lens array of FIG. 8 or 9, in-wht- 
-cfylens cells are disposed such that their central axes become more-ioett- 
jaed^consecutively. The first and second cylinder lens arrays 33 and 34 
are disposed such that their curved surfaces either face each other or ia- 
-ee,away from each other as shown in FIG. 10. 

? r<>v/^ A ^ snown in FIG - 11 • an aberration correction lens 45 for~pf@v©frti 
-ng^beam diffusion due to aberration can be further installed between the 
first and second cylinder lens arrays 33 and 34. 

As shown in FIG. 10, in projection systems adopting a scrollinq -m- 
-etned* a scrolling unit 35 having an optical separator (not shown) for*s©o- 
arat i ng^ a light beam emitted from the light source 30 into three color light 
beams is installed on the light path between the pair of first and seconds 
-yJwdeivilens arrays 33 and 34 and the light valve 40. The projection sys4 
■ems i adopting a scrolling method can further include a fly eye lens 37 whi - 

-©^equalizes light beams passed through the scrolling unit 35, and a-nla> 
r«i»>j fd- eve 

-yyylens 38 for collecting the beams passed through the f l ycycL lens 37. 

As described above, a projection system according to the present 
invention reduces the etendue of an optical system and simultaneously 
maxi mizes light efficiency by aligning distributed light using the first and-s 
-eeefld^ylinder lens arrays 33 and 34. 

As described above, a cylinder lens array according to the present 
invention is comprised of lens cells disposed such that their central-a*e- 
-s^are inclined at different angles depending on the location of the lens ee4- 
, H ? n P!' ''9 ht De ams emitted from a light source and radially diotributo 
"^ ,ar %SSB l 2SJ ° ne direction ' hereby increasing light efficiency. In-part- 
-teutej}, the light alignment makes a light distribution correspond to the-ase- 
-ecyatio of a light valve, thus reducing etendue and maximizing ligh t offioi 

-e«GV. 



11 



Industrial Applicability 

appuL h iSil ylinder ' enS array accordin 9 to tne Present invention is-apptfc 
"^ bte/t ° b s ^| in g |e -P an el projection systems and three-panel projections 
.-ystem^/'and also to projection systems adopting a scrolling method. In 
particular, when the cylinder lens array according to the present invention 
is applied to projection systems adopting a scrolling method, the effects 
of light alignment are greater. 
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